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Abstract
Background: There is great diversity in the policies for scoliosis screening worldwide. The initial
enthusiasm was succeeded by skepticism and the worth of screening programs has been challenged.
The criticisms of school screening programs cite mainly the negative psychological impact on
children and their families and the increased financial cost of visits and follow-up radiographs. The
purpose of this report is to evaluate the direct cost of performing the school screening in a district
hospital.
Methods: A cost analysis was performed for the estimation of the direct cost of the "Thriasio"
school-screening program between January 2000 and May 2006. The analysis involved all the 6470
pupils aged 6–18 years old who were screened at schools for spinal deformities during this period.
The factors which were taken into consideration in order to calculate the direct cost of the
screening program were a) the number of the examiners b) the working hours, c) the examiners'
salary, d) the cost of transportation and finally e) the cost of examination per child.
Results: During the examined period 20 examiners were involved in the program and worked for
1949 working hours. The hourly salary for the trainee doctors was 6.80 euro, for the Health
Visitors 6.70 euro and for the Physiotherapists 5.50 euro in current prices. The cost of
transportation was 32 euro per year. The direct cost for the examination of each child for the
above studied period was calculated to be 2.04 euro.
Conclusion: The cost of our school-screening program is low. The present study provides a
strong evidence for the continuation of the program when looking from a financial point of view.
"It is better to prevent than to treat" 
Ancient Greek saying
Background
There is great diversity in the policies for scoliosis screen-
ing worldwide. The initial enthusiasm was succeeded by
skepticism and the worth of screening programs has been
challenged [1-4].
Scoliosis Research Society and the American Academy of
Orthopaedic Surgeons continue to support the principle
of school screening for scoliosis [5] and recommend
screening girls at ages 11 and 13 years and screening boys
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once at 13 or 14 years [6]. US Preventive Service Task
Force recommends against the routine screening of
asymptomatic adolescents for idiopathic scoliosis [7]. The
British Orthopaedic Association and the British Scoliosis
Society conclude that it should not be a national policy to
screen children for scoliosis routinely throughout the
United Kingdom [8].
Criticism of school screening programs cite mainly the
negative impact on children and their parents, because
they produce anxiety, inconvenience, radiation exposure
from follow-up roentgenograms, school missing for stu-
dents and loss of working hours for parents for unneces-
sary follow up appointments [9]. Furthermore the
financial cost of the screening programs, the cost of visits
and the cost of follow-up radiographs has been implicated
[10].
Two different school screening costs can be identified
[11]; 1) the direct cost which is the cost of the screening
program per se, or the cost which can directly be assigned
to the program relatively easily with a high degree of accu-
racy; examiners' salaries, wages, materials, supplies,
equipment, travel, consulting, printing, telephone, and
photocopying and 2) the indirect cost which is the cost of
false positive results, the follow up visits, the radiographs
and the cost of brace treatment and/or surgery. In the indi-
rect cost the hospital facilities and administrative costs
could be included. In addition as an indirect cost can be
recognized the financial and psychological impact of the
screening procedure and the identification of scoliosis on
the child and on his or her family, (see also the terminol-
ogy of direct and indirect cost at the definitions section, at
the end of the text).
The early detection of idiopathic scoliosis has been a
major and growing commitment of orthopaedists since
the early 1960s. Early detection implies early treatment
and by that less surgery [11-13]. Thus, increased costs at
an early stage may decrease later costs. The purpose of this
report is to calculate the direct cost of performing the
school screening in a district hospital.
Methods
The school screening program took place at district
schools (primary, secondary, high schools) around
"Thriasio" Hospital in Western Attica, Greece.
School screening had to be set up on a district basis after
obtaining permission from the local authorities, because
such a program is not legislated in Greece. All the inter-
ested parties (parents, physicians, school staff, and
nurses) were informed and when it was necessary, they
were further educated by distribution of informative
material and lectures. The cooperation of the screening
staff with the parents, the pupils and the teachers is essen-
tial for the acceptance of this voluntary program and thus
for a success and cost effective performance.
The examiners
The program is mainly carried out by health visitors after
a long period of training by the senior author (TBG). They
form the main examining group, which is also occasion-
ally staffed by Orthopaedic and General Medicine trainees
and by Physiotherapists.
Preparation for school screening
Two weeks before visiting a school the head-master was
informed about the program by the screening staff and
educational material was distributed. The parents were
asked to sign a consent form and the pupils were asked to
fill particular forms regarding their personal data. The
program was performed once a week, during the school
period (September to June).
The examined children
Although the program started in 1997, accurate financial
data is available since 2000. From January 2000 to May
2006, 6470 pupils aged 6–18 years old were screened for
spinal deformities. Screening included both boys and
girls.
The measurements
Prior to examination the screening staff collected the filled
forms and personal data for every pupil (date of birth, sex,
stage of puberty, eye and hair color, height, weight, hand-
edness) and socioeconomic parameters (parents' age, ori-
gin and profession) were recorded.
Pupils were examined in their physical educational envi-
ronment to avoid any psychological impact, unnecessary
time loss and transportation expenditures for them.
Groups of 15 – 20 pupils were subsequently invited into
the examination room. Boys and girls were examined in
different teams. Children were wearing their trousers and
a plain T-shirt. Firstly, the child was inspected in a stand-
ing position for possible deformities of the extremities,
shoulder or pelvic asymmetry, lateral body inclination
and asymmetry of the distance of the elbows from the
trunk. Then, bending test in standing and sitting position
was performed, by asking the child to freely bend forward
hanging his hands to the ground, keeping his palms
opposed, his feet together and his knees straight for the
inspection of a possible hump. The angle of trunk inclina-
tion (ATI) was measured using the Pruijs scoliometer in
the thoracic, thoracolumbar and lumbar spine.
Pupils who were found with a scoliometer reading ≥ 7°
were referred for further evaluation at the scoliosis clinic.
The children's parents were informed by a letter and anScoliosis 2007, 2:7 http://www.scoliosisjournal.com/content/2/1/7
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appointment was given. If the Orthopaedic surgeon con-
firmed the suspected scoliosis by physical examination, a
standing posteroanterior roentgenogram of the entire
spine was obtained and if necessary treatment was initi-
ated.
The assessed parameters
In order to calculate the direct cost of the screening pro-
gram, numerous factors were taken into consideration,
namely: a) the number of the examiners, b) the working
hours, c) the examiners' salary (the wages before tax), d)
the cost of transportation from the number of school vis-
its, the mean kilometer distance and the mean fuel cost
per kilometer and e) the cost of examination per child.
Results
Between January 2000 and May 2006 twenty examiners
were involved in the program. The hourly compensation
as it draws from the Financial Department of the hospital
was 6.80 € for trainee doctors, 6.70 € for the health visi-
tors and 5.50 € for the physiotherapists in current prices.
During the year 2000, 1227 children were screened by five
health visitors, ten training doctors and five physiothera-
pists. Doctors and physiotherapists were contributed to
the program occasionally. Working hours for each spe-
cialty were 104 for the doctors, 187 for health visitors and
83 for the physiotherapists. The entire cost for each spe-
cialty was calculated by multiplying the working hours by
the hourly compensation and it was 707.20 € for trainee
doctors, 1252.90 € for health visitors and 456.50 € for
physiotherapists. The examiners' cost of transportation
was calculated to be 31.2 €. The average cost per child for
the year 2000 was 1.99 €, (Table 1).
During the year 2001, 1111 children were screened by two
health visitors and two physiotherapists. Health visitors
worked for 176 hours and physiotherapists for 14 hours.
The total cost was 1179.20 € for health visitors and 77 €
for physiotherapists. The cost of transportation was 30 €.
The average cost per child for the year 2001 was 1.15 €,
(Table 1).
During the year 2002, 1026 children were screened by
three health visitors, who worked for 167 hours. The total
cost was 1118.90 €. The cost of transportation was 25.20
€. The average cost per child for the year 2002 was 1.11 €,
(Table 1).
During the year 2003, 1018 children were screened by two
health visitors and two trainee doctors. Each specialty
worked for 192 hours. The total cost was 1286.4 € for the
health visitors and 1305.6 € for the doctors. The cost of
transportation was 30 €. The average cost per child for the
year 2003 was 2.58 €, (Table 1).
During the year 2004, 565 children were screened by two
health visitors and two trainee doctors. Each specialty
worked for 160 hours. The total cost was 1072 € for the
health visitors and 1088 € for the doctors. The cost of
transportation was 32.5 €. The average cost per child for
the year 2004 was 3.88 €, (Table 1).
During the year 2005, 649 children were screened by two
health visitors and one trainee doctor. Health visitors
worked for 196 hours and the doctor for 98 hours. The
total cost was 1313.2 € for the health visitors and 666.4 €
for the doctor. The cost of transportation was 34 €. The
average cost per child for the year 2005 was 3.1 €, (Table
1).
During the year 2006, 874 children were screened by two
health visitors and one trainee doctor. Health visitors
worked for 147 hours and the doctor for 73 hours. The
Table 1: Estimation of the direct cost of "Thriasio" school screening program.
Year 2000 2001 2002 2003 2004 2005 2006
Number of examined children 1227 1111 1026 1018 565 649 874
No of examiners HV 5232 2 2 2
TD 10 2 2 1 1
PT 52
Working hours HV 104 176 167 192 160 196 147
TD 187 192 160 98 73
PT 83 14
Examiners' compensation HV 1252,9 1179,2 1118,9 1186,4 1072 1313,2 978,2
TD 707,2 1305,6 1088 666,4 496,4
PT 456,5 77
Cost of transportation 31,2 30 25,2 30 32,5 34 33,2
Cost per child 1,99 1,15 1,11 2,58 3,88 3,1 1,72
Analysis of the number of the examiners, the working hours, the examiners' compensation, the cost of transportation and the cost of examination 
per child in each year of the studied period. All costs were evaluated in euros, in current prices. HV: Health Visitors, TD: Training Doctors, PT: 
Physiotherapists.Scoliosis 2007, 2:7 http://www.scoliosisjournal.com/content/2/1/7
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total cost was 978.2 € for the health visitors and 496.4 €
for the doctor. The cost of transportation was 33.2 €. The
average cost per child for the year 2006 was 1.72 €, (Table
1).
The average cost for the examination of each child for the
above studied period (2000 – 2006) was calculated to be
2.04 €.
Discussion
The purpose of school screening is to identify most or all
the individuals with unrecognized idiopathic scoliosis
[10]. School screening programs should also meet specific
criteria. They should be rapid, accurate, low-cost, use tests
which are easily reproducible and have low false positive
and false negative results. [10].
School screening is a valuable tool for the identification of
children with idiopathic scoliosis [11,14] although it is
not a diagnostic process. Early detection allows the more
progressing curves to be treated conservatively. Conserva-
tive treatment may alter the natural history of scoliosis
[15-17]. In areas in which there are school screening pro-
grams fewer patients with idiopathic scoliosis ultimately
require surgery [11,12,18].
Moreover, the results of school screening programs pro-
vide valuable data regarding the prevalence and the natu-
ral history of idiopathic scoliosis [10,12,19,20].
Considering that there are no sufficient epidemiological
data in the literature for the prevalence of idiopathic scol-
iosis in several geographical areas and the natural history
is not yet accurately predictable, we can assume that the
school screening is not only an issue of early detection
and decrease in the number of adolescents that will even-
tually experience operative treatment, but is also a price-
less tool for research on scoliosis aetiology [21-32].
This paper analyzes the direct cost of the "Thriasio" school
screening program. A realistic evaluation of both direct
and indirect cost is not feasible and could result in inaccu-
rate overestimation of the total cost as it might take into
consideration many qualitative and subjective factors,
such as the definition of scoliosis, the threshold for refer-
rals for radiological evaluation, the indications for con-
servative and operative treatment, the cost to the society,
the children's compliance, the decisions of the clinicians,
the effectiveness of treatment and the impact on children's
quality of life [13,19,33]. The negativists of school screen-
ing are implicating the increased indirect cost and the psy-
chological impact on the child, which basically cannot be
measured, to criticize these programs. However they are
not discussing about the cost of family's and child's psy-
chological stress when there is an untreated severe undis-
covered curve, or the cost of the child's and family
psychological stress when they will be in the operative
room, or what is the feeling of an operated scoliotic with
a rod in her back holding her straight. No one so far gave
a frank answer on this issue. On the other hand,
approaching the 'psychological' issue from a different
viewpoint it could be stated that any negative impact of
early diagnosis is intrinsically linked to an absence of
effective therapies and failure of professional education
and support; given appropriate resources to treat effec-
tively (as with antibiotics in early stages of microbial
infection, for example), as well as non-destructive ways to
measure changes (i.e. not involving repetitive radiation
exposure), 'psychological' damage could be considered as
a moot point. Even in the absence of effective strategies
and lack of support from the medical community availa-
ble in some cultures, early on knowledge of the diagnosis
provides patients with the tools to educate and help them-
selves.
The actions for prevention of a disease are the criterion of
a human welfare oriented civilizations, even though this
might cost some extra money. And the money exists.
Maybe the school screening and the techniques used for
performing it are not yet perfected, but nothing is perfect.
There is no general consensus among economists as to
what constitutes the indirect cost in a cost effectiveness
analysis. Furthermore, there is no study which fully evalu-
ates the direct and indirect cost of the school screening in
the literature. Therefore, the economic information on
screening for scoliosis which is available to decision-mak-
ers should mainly be based on studies of the direct cost of
such programs.
Efforts were made by the examiners to minimize all the
indirect costs. Emphasis was given to the training of the
examiners in both their organization and clinical per-
formance. Frequent courses, literature reviews and work-
shops were organized in order to produce efficient and
reliable examiners [34-36]. The "Thriasio" school screen-
ing program is performed by trained health professionals
(Orthopaedic trainee doctors, health visitors and physio-
therapists). The team is examining the children with the
use of a scoliometer in the forward bending standing and
sitting position, which is a reproducible test with high
sensitivity and high specificity [9,33]. By minimizing the
false positive results [19] the program is more effective
with fewer referrals and minor psychological impact on
children and their families.
Table 1 reveals several important variances directly related
to cost, such as the number of the examiners, the child per
examiner ratio and the number of hours worked per child
examined. Namely the number of examiners ranges fromScoliosis 2007, 2:7 http://www.scoliosisjournal.com/content/2/1/7
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a high of twenty including 10 trainee doctors to a low of
3 utilizing Health Visitors only. The child per examiner
ratio varies from a high of 437 to a low of 61. The exam in
2000 included 5 Physiotherapists which reduced to 2
Physiotherapists in 2001 and then none for the remaining
5 years. The number of hours worked per child examined
ranged from .16 in 2002 to .57 in 2004 which is directly
reflected in the cost per child examined in the latter year
being 3.88 euro. The core of the examiners' group who
were involved in the program were two experienced and
well trained for three years by the senior author (TBG)
health visitors who occasionally were supported by other
health visitors, training doctors or physiotherapists,
according to their interests and limited by the staff short-
age at a given time. The main aim was and remains the
continuation of our school screening program. The
number of the examiners did not affect the number of
hours worked per child examined. The variance in the
number of hours worked per child was related to many
independent factors such as the number of pupils in each
school, their age, the available facilities for the undressing
and dressing and the examination of the children at
schools, or the necessity to complete some administrative
work which was not prepared by the teachers prior to the
visits. Therefore the model of estimation of the direct cost
based on the hours worked per child examined, even
thought appears to be more meaningful than solely focus-
ing on the direct cost because it is more easily comparable
to other programs regardless of the local economy, seems
to be not applicable in all places due to the restrains of the
above described independent factors.
All the administrative work with the schools and families,
the training of the examiners, the examination at schools
and the follow up evaluation by the Orthopaedic Surgeon
were activities which did not surcharge the hospital, as
they were performed within the working hours and were
part of the duties of the involved health professionals. The
present study introduces a model for running a school
screening program which is inexpensive, because it is car-
ried out in a voluntary basis by health professionals and
does not cost extra money to the hospital. The "Thriasio"
screening program is not funded by anyone!
Conservative treatment of idiopathic scoliosis is effective
[37] and is definitely not as expensive as operative treat-
ment. Idiopathic scoliosis prevalence in Greece is 2%.
Nine hundred and eighty children will need conservative
and 41 children will need operative treatment annually
[35]. The average cost of a brace in Greece is 1000 €,
whilst the cost for operative treatment for each child
might be 30–35000 € (cost of preoperative imaging with
CT and/or MRI, hospitalization, cost of implants and
somatosensory evoked potentials used intraoperatively,
complications etc). Early conservative treatment should
prevent the need for much surgery and therefore is a cost-
saving procedure avoiding the expenses of surgical treat-
ment, loss of earnings and disability payments among
other things [10].
The direct cost of "Thriasio" school screening program is
comparable to other programs in Greece [28,31].
Dr. Bunnell's human oriented motivation is well
described by reporting that "... we're not looking for the
cheapest way to screen – we're looking for a better quality
outcome for our patients..." [20]. The present study pro-
vides a model and a strong economical evidence for the
continuation of the school screening programs in the
future, for better quality outcome for our patients using a
cheap way to screen.
Definitions
Direct costs
Costs that can be identified specifically with a particular
sponsored project, an instructional activity or any other
institutional activity, or that can be directly assigned to
activities relatively easily with a high degree of accuracy.
These direct costs include salaries, wages, fringe benefits,
materials, supplies, equipment, travel, consulting, print-
ing, telephone, and photocopying [38].
Indirect costs (facilities and administrative costs)
Costs that are incurred for common or joint objectives
and therefore cannot be identified readily and specifically
with a particular sponsored project, an instructional activ-
ity, or any other institutional activity [38].
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